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AN OPTICAL APPROACH FOR 
PROXIMITY OPERATIONS COMMUNCIATIONS FOR 
SPACE STATION FREEDOM 


INTRODUCTION 

The proximity operations communication system is a critical component in performing 
the missions required of the Space Station Freedom. By definition it is the system that 
will implement all communications within a 37 kilometer radius of the station. This 
encompasses all EVA activity as well as rendezvous and docking procedures in the 
initial phase of station deployment. It may also include links to co-orbiting platforms at 
growth to support the Freedom’s role in NASA's new initiatives with an increased range 
of up to 2000 Km. Technology for communicating at Ku band (the frequency band 
initially selected for the prox ops communication system) is very mature, implying no 
significant technology challenges, but that maturity has now shown itself to be a 
disadvantage. Ku band has become very crowded such that NASA cannot get a 
primary Ku band frequency allocation for the proximity operations communication 
system This means that the Freedom and its constellation could suffer severely from 
interferences with terrestrial as well as other space-based sources. This problem has 
led to the search for other alternatives for prox ops communication. One alternative, 
which is the subject of this report, is an optical communication system. 

This report documents an effort to analyze the Space Station Freedom’s mission 
requirements for proximity operations communication and develop an optical 
communications systems to meet them. An optical approach is desirable for reasons 
besides the interference problem: due to the inherently digital nature of a pulse position 
modulation (PPM) scheme, the signal processing electronics become much simpler; 
and the potential bandwidth is much higher than RF bandwidths, allowing a simple 
avenue for growth that will have a minimal impact on components ancillary to the 
receivers and transmitters. 

The overall approach to this study was to analyze the missions and requirements and 
design an optical system that would minimize new development. For the most part, this 
approach was successful and a design of an optical communications systems consisting 
primarily of off-the-shelf components was produced. The one exceptional mission that 
will require some new development is the EVA terminal, where tracking and obscuration 
presents a particularly challenging problem. However, a radio at Ku or Ka band suffers 
from difficulties similar to an optical system. This particular mission will be treated in 
detail later in this report. 

In summary, an optical system design was developed for the rendezvous and docking 
missions space station is required to support. This system is shown to be competitive 
with a radio frequency system in terms of size, weight, power, and development risk. 
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There are still many issues to be resolved and many elements of the Space Station 
Freedom Program that have not to date been firmly baselined. The following 
paragraphs describe the current understanding of the station's missions and system 
requirements. These were used as a common ground of understanding for this study. 

The mission of the space station is two-fold: to support the on-going research in the 
various areas of the space sciences and to serve as a transportation node for NASA's 
new initiatives. To some extent, these are overlapping areas. In order to support the 
Manned Mars Mission ( a new initiative), there will be a great deal of life sciences and 
microgravity research done on the space station. However, for the purposes of 
developing mission requirements, these funcitons will be considered separately. 

Space Station Freedom will support on-going research in all disciplines of the space 
sciences. There will be both internal laboratory facilities as well as external payloads 
facilities. The station will provide all the basic utilities of a laboratory and the 
infrastructure required to transfer the information gleaned in experiments to the 
cognizant scientist. In addition, the internal laboratories will support man-tended 
experiments under the direction of a mission specialist. Examples of the Types of 
experiments supported internally are materials research and microgravity experiments. 
Examples of the types of experiments supported externally are astronomical observation 
and earth sending activities. 

Space Station Freedom will support 21st century exploration of the solar system by 
providing the services of a "way station" or transportation depot as well as a "dry dock" 
for interplanetary space craft. The two best defined missions of this nature are the 
Manned Mars Mission and the Permanently Manned Lunar Colony. 

To support the Manned Mars Mission, the space station will be required to support the 
on-orbit construction of a manned mars vehicle. This includes both vehicle assembly 
and logistics support. In reference to the latter, communications to a co-orbiting 
propellant tank farm may be required. 

Support of the Permanently Manned Lunar Colony is primarily logistical in nature. The 
station functions as transportation node in this case, forming an interface point between 
the ground to low earth orbit (LEO) vehicles and the space-based non-atmospheric 
vehicles design to ferry personnel and materials to and from the moon. 

To support these missions will require a significant amount of relatively short range 
communications, both to vehicles for rendezvous and docking support and to robotic 
elements or EVA’s that support payload maintenance and vehicle construction. In 
addition, there may be elements of the space station constellation, such as a propellant 
tank farm, that require permanent, constant communications links. These are the 
scenarios that drive the requirements enumerated in the remainder of this report. 
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This report is divided into two major sections. The first section deals primarily with the 
system level requirements of the proximity operations communications and the 
conceptual design and interfaces of the electronics portions of the transmitter and 
receiver. The second section deals with the conceptional design of the optical portion of 
the system including optical link trades, acquisition and tracking analysis, and optical 
terminal design. 

The remainder of this report is presented in figures with text on facing pages. 


3 



oc 

< 

Q. 


PRECEDING PAGE BLANK NOT FILMED 


5 


pac e INTENTIONALLY BLANK 


COMMUNICATION SERVICE SCHEDULING 


c © 

CD £ 

E co 

CD © 
o> c 
CO F 
c c 

5 © 

^ © 
if) TD 

I? 

c5 ® 

II 
© © 
el 

c 
o 


■S3 o 

> *•- 

- © 

tr *- 

3 © 
° 5 
id & 

CD O 

© W 

o *- 

CO tr 
CL C 

c 2 
© E 

£ "D 

.2 03 


c 2 
© QC 

o © 

|h 

o 

O if) 

5 I 

°S E 

O © 

tT © £ 

o o 


c 

o 


E o 
© t: 
co £ 
© o 

-9 ® 


if) 

03 -E 


o 2 <* O 


c 

© 

> 

© 


E {a 


xd 

c 

© 


2 s 
£ I 
© © 


03 

03 

c 


© 

CO 


© 


© 

_C ^3 


o © 

© 2 
o © 
c c 
© © 

■D ? 

© xd 

c © 
.E co 

_ © 
© 

5 § 
TD 

© © 


© m tr 


3 £ 

.2 5 
tr 

© c 

Q- © 

© P 
2 © 


O © © 

TO 2 

C 


(0 3 

Sgi£ 

O-o 


CD 
C < 

g3 

E O 

a? '■— 

© © 
© O 5 

Q < 


£ © © 


O) 

© 

c 

© 

E 

X) 

c 

© 

© 

c 


© © © 


tz 

© 


W s ~ © 


© 

© _ 

-° © g 
© o © 
o 


3 .2 


^ co 

X) U. 

© o 

Z-o 

w =3 
© O 

© o> 


c 

© 

E 

© 

o> 

© 

c 

© 


W- o 

TT 


2 a, 
® x: 
© .tT 

3 © 

© >> 
o © 

£ E 
® J c 
w o 

.1 1 
o co 

C 2 

ia 

e e 

o © 

o ^ 

w if) 

= >x 

< C/D 


© © 

c 

o' 2 
oc g 

z 2 
o§ 

CO © 
2 2 
Q o 

I— 

03 o 

o I 

w © 

E c 

© CO 

w 2 
« a 

co i= 


tgt 
© © © 
.E QC 2 

® ® £ 
£ -a 3 
w o O 

©©X 

w .E ® 

o22 

|S § 

p m c 
< jE o 
^ 8 
O E *" 
® B © 

f W 
r- >% 3 

. _g a- 

E 3 £ 

© W © 
© © .C 

© R w 

-Q u © 
13 © ~ 

^Bo 

© »- .9 

2 o © 


© CO 

.E X3 

c 

— © 

Ji 

HO 


c E 
o 


CO ^ 

© OC 


© 


•I c 
© © 
t- © 

81 

?-© © 


_ a 

3 5 2 
T5 L- 


*c c 


© 2 
© © 


© 

c 


" w 

=> r 


© 

© 


3 

.= © 

si 


— if) 


c 

© 


TD 

© 

> 

o 


co 

© 


E 

© 


if) 

© 


© 
c 

®s I 

* s g 
E 

= 03 

5i S 

o 05 

© 

£ < c 

| e 

£ © E 

CO > 

>N O c 

^ X3 o 
-Q c 


© 

K 

oa 

o 

© 


© 

© 

c 

c 


c 

o 

CL 

E 

o 

a 


£ C/3 
CLX3 T, 

o © © 

-C 

© 2 «- 
-c .9- © 

+-* o k- 

o c -E 
u. © 5 


2 © _£ 
x: £ 


H 

• w 2 
© © o 

E O.X3 

c: © 

— c © 
© *“ © 
© (0 jQ 

^ 1c . 

£ H *s 

XD . *- 

© C - 

CO 5 E 

E.i° 

© = .E 
S © - 

§ >* 

E o.E 

©^ ?» 
CO JJ 
^ © 


tr 

© 

a 

c 


° ^ 3 

5 £ s 
© 


c 

5 


© 

c 

o 


D 

O) 

C 

© 


Q 


c 


O 


8 s 

o 2 

£ © © 
s c r 

sS h 

© ■?= 


co © 73 


CO 42 
2 £ 
X3 CL 

© g> 
> ^ 
^ 0 
o -§ 
© 

2 © 

ri$ 

o o 
© »- 
s « 


© 

E ^ 
w co 

© Q. 

•1 s 

£ 

R £ 

© 

= > 

C/D 


3 § 


^ o> 

>» c 


c 

'© 

tr 

© 

o 

c; 

D 

C 

O 


if) © 

o 

Q. ' ' 

R. i 

« © 

CO 

© 2 , 
c: 

§ § 

© © 

(S' c .tr 

4= § .E 

® © © 
K © £ 


© 

o 

a. 

© 

JO 

o 


co O 

'3 © 
cr -c 
0 ^ 

40 o 


© 


a 

© 


3 

o 

o 

© 


c © 

O -C 

•p ' 

CO 03 

o c 

CL'JZ 

© £ 
CO C 
O © 

£ © 
> © 

tf£ 

af 


o 

X3 

u 

o 


p> ^ 

.E o 

JsC Li. 
p 

CO 

c 

© 

a o 
o ^ 

3 

« §f 

© C- 

£ 03 
^ c 

© ;e 

XD © 

© x> 

1° 

o © 

© « 

R I 

2 Q- >, 

p ffl- 

9 -c c 
$ i= © 

£ o O 


o 


If 

c © 
T3 b.h 

© ^ 3 

jc > a 


© 

> 


o 

o 

XD 


- o 
c 
o 


< 

> 

LEJ 


w © 
0 © 

© -O 
Q- = 

O) 5 

c 

■5 03 


© -° £ 

c © © 
. 2 d o 

© N 


© 

fc_ 

© 


© > 
Q.P E 

o © C 
_ c 
ca g 
.9 0 

CL © 
>^X3 __ 

c c ^ 

£ E co 


5 E 


© 


© 

© 
■4— * 

© 

c 

© 


© 

-C 

4 — » 

o 

CO 

©“ 
c 
o 

N . 

E © 

J5 c 

o 03 

a. »- 

© XT 

jc 

^ c 

O © 

© >> 
03-0 

2 Q- 
© 3 

is 

© .9 

£ °- 
CL © 

E 

8 © 

© E 

p .tr 

! 2 

CL C 

£ c 
XD © 
© © 
.br c 

3 O 

2 " - 

£ o 

© c 
-Q O 
>> -E 


© © 

i S 

© ^ 
© o 

c c 
© © 

C XD 
© c 


X — 


CL 


8 © 

.9 XD 


a. © 

o © 

© © 

£ © 
I— CL 


6 


The system will be required to support four simultaneous links. 


HIGH LEVEL MISSION PLANNING 
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OVERALL OPERATION OF THE COMMUNICATIONS TERMINAL 
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The Rx DMA Controller provides access to the Rx RAM Buffer. Two resources compete for access to the buffer. 
These are the Receiver, which seeks to store the information field and the Baseband Processor Interface which 
seeks to read the received information field. The Rx RAM Buffer is designed such that both the read and write may 
happen simultaneously. 
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The transmit chain of the terminal is illustrated in the following figures. The function and operation of each 
component is, for all practical purposes, the inverse of its counterpart in the receive chain. 
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Tx DMA CONTROLLER 
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Tx RAM BtJFFFP 
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Tx DATA FORMATTER 
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that satisfy the Prox-Ops system requirements, but requiring follow-on development effort in certain key 
areas to establish the operational validity of the system. 
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TOP-LEVEL MISSION DEFINITION 
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Return data (vehicle to SSF) : 25-Mbps digitized video & overhead 
Forward data (SSF to vehicle): 500-kbps TT&C/lifeline 
Up to four simultaneous bidirectional links 
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Aerospace Systems Group 

MISSION DEFINITION DETAILS: 

SPACE STATION ZONES OF COMMUNICATION 



5 


From P.W. Kwong and R.C. Bruno, "Lasercom Application to Space Station 
Freedom Cluster Communications Needs,” Stanford Telecommunications, Inc., 
Reston, VA., Draft Final Report for NASA/Goddard Space Flight Center, 
Contract No. NAS5-30232, 20 December 1988. 









MOTIVATION FOR OPTICAL APPROACH 
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Smaller FOU eases acquisition 

Suited to directed beams with accurate spatial tracking 
Optical background impacts required transmitter power, 
particularly in the growth phase 
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Conclusion: Baseline PIN quadrant detector for Prox Ops 
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PROX-OPS REQUIREMENTS CAN CONCEIVABLY 
BE MET BY A SINGLE DETECTOR 
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Quad-cell FOV must be kept under control to allow 
fast ACQ despite typical optical backgrounds 
FOV also constrained by detector size 
and the optical design (f/# > 1) 
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MAJOR OPTICAL BACKGROUND SOURCES 
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Moon 9042 prad 2.7 x 10 
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For a 0.5-radian field, f < 4 mm. But a large aperture D 
is needed to collect a large number of signal photons. 
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DETECTOR FOV CONSTRAINTS (cont.) 
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QUALITATIVE TRADEOFF CONCLUSIONS 
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Fisheye lens typically f/2 or greater; 

difficult to focus on small detector 

w/ good image quality (substantial distortion) 

Optical background collected by wide FOV 
could saturate CCD detector 


OPTICAL DESIGN APPROACHES (cont.) 
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PROX-OPS OPTICAL COMMUNICATION 
DESIGN APPROACHES (cont.) 
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scanning acquisition receiver 

’•Rabbit-ear" far-field pattern typical 

Large drive power and drive 
current for source 



OPTICAL DESIGN APPROACHES (cont.) 
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External modulator for 500-kbps data link 
Limited wavelength selectability for multiple links 
Inefficient detectors at 1064 nm 
Eye safety concerns at 532 nm 
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Incoherent fiber bundle 1000 0.52 rad 37 pW 

(NA = 0.25, 40 fibers (30 deg) 

@ 25 mW ea.) 


RECOMMENDED DESIGN APPROACH 
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the state vector positions from the remaining link are used to quickly reacquire a back-up. 

The worst-case EVA/MMU mode demands a coarse sensor that rapidly reduces the full-spherical FOU to a 
value compatible with fast ACQ by the optical terminal, and subsequent re-establishment of fine tracking and 
communication. An extremely important element in the sensor design is that SSF continues to illuminate the 
EVA with a tight beacon, so that only a one-way reacquisition is necessary. 
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Coarse acquisition sensor that reduces the spherical FOU 
to a 1-degree FOU will allow rapid reacquisition 
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than ± 0.5 deg; Analysis assumes SSF FOU = 10 mrad 
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FIXED BEACON AND SCANNING RECEIVER 
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RECOMMENDED ACQUISITION APPROACH 
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SCANNING BEACON AND STARING RECEIVER 
APPROACH IS RECOMMENDED 



OPTICAL LINK BUDGET TRADEOFFS 
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Point-ahead loss = 0 dB at short range 

0.5 dB at long range 
Bandpass filter width = 25 A 
Link margin = 4 dB 


LONG-RANGE LINK DESIGN 
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LONG-RANGE ACQUISITION ANALYSIS 
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LONG-RANGE ACQUISITION BEAM SIZE RATIO 
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(Earth and Moon), but not for a point background source (Venus), (5) Point background sources limit the 
array detector performance because of the narrow pixel FOV. 



Aerospace Systems Group 

BEAM SIZE RATIO (BSR) RESULTS 
FOR LONG-RANGE ACQUISITION 



Transmit D = 10 cm, BSR = 1000 ► 20-mrad Airy disk @ 830 nm 

BSR < 1 — ► Far-field power density must be increased to give BSR = 
BSR > 1000 — ► Set SSF BSR = 1000 and flood 10-mrad FOU 
Background: Earth @ 9 km; Venus / Moon ( 5 ) 37 km and 2000 km 
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LONG-RANGE LINK ACQUISITION TIME 
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Aerospace Systems Group 

ACQUISITION TIME FOR LONG-RANGE LINKS 
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Background: Earth @ 9 km; Venus / Moon @ 37 km and 2000 km 








LONG-RANGE FINE TRACKING ANALYSIS 
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Aerospace Systems Group 

LONG-RANGE FINE TRACKING ANALYSIS 
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Detector update time = 0.2 msec, 1 msec 
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Aerospace Systems Group 

BEAM SIZE RATIO (BSR) RESULTS FOR 
5-kHz LONG-RANGE TRACKING ON SSF 







BEAMWIDTH FOR SSF 5-kHz SSF FINE TRACKING 
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Aerospace Systems Group 

BEAMWIDTH REQUIREMENTS FOR 5-kHz 
LONG-RANGE TRACKING ON SSF 



E 

o 

o 

o 

TJ 

c 

ra 

E 

h- 

co 

c 

o 

o 


a> 

E 


<D 

CO 

T) 

Q. 

3 

O 

CD 

(/) 

E 

■ 

CJ 

o 

> 

o 

LL 

■o 

CO 

E 

i 

o 



CD 

> 


« ^ 
E 

O) 

© 

.c 

4— » 
L. 

CO 

LU 


9 • 

*o 

c 

o 

i— 

CD 
Js C 
O 
CO 

m 


129 







£ to 

O g_ 

a> B- 

Q- ID 
CO Q_ 


£3 

o o 


Q) 

n o . 
, 5 "o 

0) cr 
£ a) 


Si 

.y 03 
» :tr a 
c 

.9> c 
to CJ) 
.E to 


c </) 
T CD 

■ CD CO 

1“ O 
. C 

^ o 
c o 


I? 

•s « 

03 SZ 

iz tr 

* CO 


w ^ Q) 
CD O CO 

<2 co z> 
to .H 
u ^ a) 

to ^ = 

(0 LO ^ 


130 



Aerospace Systems Group 

BEAM SIZE RATIO (BSR) RESULTS FOR 
1-kHz LONG-RANGE TRACKING ON SSF 
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Background: Earth @ 9 km; Venus/Moon @ 37 km and 2000 km 
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Aerospace Systems Group 

BEAM SIZE RATIO (BSR) RESULTS FOR 
5-kHz LONG-RANGE TRACKING ON VEHICLE 



Background: Earth @ 9 km; Venus/Moon @ 37 km and 2000 km 




BEAMWIDTH FOR 5-kHz VEHICLE FINE TRACKING 
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Aerospace Systems Group 

BEAMWIDTH REQUIREMENTS FOR 5-kHz 
LONG-RANGE TRACKING ON VEHICLE 



@ 9 km; Venus/Moon @ 37 km and 2000 km 
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Aerospace Systems Group 

BEAM SIZE RATIO (BSR) RESULTS FOR 
1-kHz LONG-RANGE TRACKING ON VEHICLE 
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Background: Earth @ 9 km; Venus/Moon @ 37 km and 2000 km 







LONG-RANGE TRACKING WITH SOLAR BACKGROUND 
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COMMUNICATIONS BEAMWIDTH TO SSF 
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Aerospace Systems Group 

TRANSMIT BEAMWIDTH FOR LONG-RANGE 
COMMUNICATION TO SSF AT 25 Mbps 



10-cm receive aperture, Tracking accuracy < (Transmit beamwidth) / 20 (0.5-dB loss) req d 
Background in 10-mrad FOV = 142 nW (Earth) <g> 9 km, 26.5 nW (Moon) @ 37, 2000 km 




COMMUNICATIONS BEAMWIDTH TO VEHICLE 
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Aerospace Systems Group 

TRANSMIT BEAMWIDTH FOR LONG-RANGE 
COMMUNICATION TO VEHICLE AT 0.5 Mbps 
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10-cm receive aperture, Tracking accuracy < (Transmit beamwidth) / 20 (0.5-dB loss) req d 
Background in 20-mrad FOV = 567 nW (Earth) <2> 9 km, 26.5 nW (Moon) @ 37, 2000 km 



SHORT-RANGE ANALYSIS SUMMARY 
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SHORT-RANGE LINK ANALYSIS SUMMARY 
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Track off communication beam 

4.5-mrad null-to-null beamwidth supports vehicle track link 
10.6-mrad beamwidth supports SSF track link 


SHORT-RANGE TRACKING WITH SOLAR BACKGROUND 
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Aerospace Systems Group 

OPTION: SHORT-RANGE TRACKING 
THROUGH A SOLAR BACKGROUND 
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COMMUNICATION BEAMWIDTH TO SSF 
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TRANSMIT BEAMWIDTH FOR SHORT-RANGE (1 km) 
COMMUNICATION TO SPACE STATION AT 25 Mbps 
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10-cm receive aperture, Background in 10-mrad FOV = 142 nW (Earth) 





COMMUNICATION BEAMWIDTH TO VEHICLE 


<D 

JZ 


0 

XI 


c 
o 
co ^ 
if) ±z 

E 8 

co a) 

03 »- 

o 

co o 
CL CD 
-O Q) 
2? 
LO c 
o 2 

Jr T3 

O 03 

<2 cr 

c cu 

E 5 

a> tf 

'5 5 

*- Li_ 
JZ GO 
■Q C/D 

> 05 


o co 

■a o 
.2 E w 
o 2 oi 

CO C 

5 - i 


03 o 


CL 

■ 

a> 


v? 


CL 

0 


E ^ 


03 

a> 


*o 

CD 

a 

CD 


U o 3 

So g 

co co ■ ■ 

?'^o 

® § 5» 

2 * - o 

— m ro 
Q. ® -O 

® E ^ 
I- o'® 

U. 

o O 
o 

t5 "§ c= 

® -O -2> 

® S ® 

X3 o -E 

a> q_ "o 

Is?§ 


tr 

a> 12 

^ cl '5 

S (0 r 

p: - 2 ? 0 

O a a> 

O Z 

B 5 I 

£ <D 

SL® 

9 ® 

x 

2 o 


Q 
CO 
3 
03 

tr ° 

- CD 


CD 

-C 


CD C 
03 


O) 

E 

isT 

O 

2 CD 
^ > 
= O 

03 JD 

E « 

CO “Q 

CD 
XI 


Q) 


CD 


a 

CD 

I w 

CO c 
CD 03 
■O -C 


co -a 

5 ° 

03 


co 


O CD E 
_c 
03 ♦- 

.y o 

ii 

E E 

8 w 
® cc $ 


a? co > 

> -o O 
-D C u_ 
co co 


t <2 2 

Si | 

CD CD 03 

£ -a ■*= 

c § co 

■o 2 ~ 
CD O) co 
> -^ "O 
- U 0) 


O 
x: 

0 
V-» 

c 
a? 
5 

5 ® V 
Q.- 0 ® 
CLU_ C 

3$ ° 

^ o 

~ c co 

T3 O Q) 

2 a a 

2 cn co 

c J? 3 
co i= o 
o c o 

= S ® 

35 g* 

■g a) ' 

3 $ 

a- o 


— > 

. a 
co CD 
<D ^ 

O) g 

£ a 

2 CD 
03 
O .§ 
XI 

CO O 


03 


;=r 


CO ® 

i: ts 

-f 

03 CD 

|£ 

€ s 
03 O) 

>>£ 


a “D 


03 


03 


5 g*g 

— c co 
co 2 E I 


5S 

CO > 


CD CD 

"a 


co m 
a> _ 
n c 

‘d O) 
CD CO 

E ® 
E 73 

3 03 
CO ■£ 

tr *- 

CD CD 
-c CD 

° o 

.52 £ 

h* > 


a «o a> 
J)0 c 

u (D o 

o’-sSb 


£ E 


g.E 


C_3 Q3 


CL 

CO 


03 SZ 

F H- 


03 _ 
JO ^ 

03 


o tn 
o c *- 

03 O O 
X> X3 ^ 
X3 


00 


03 


03 

.y *5 o 

o 2 « 


C 

o 

o 

c 

2 

c" 

o 

a 


c 

CD 
03 

03 

5 ^ 

> 

E 

03 
CD 
CO J^ 

11 

28 

o 


CD CD 
03 CL 
^ O 

-S2 >> 

co 

T3 
03 

CD 
C 


cr 

03 


03 


*0 

”! 

co ^ 

03 03 

CD >, 

sl 

t c 

03 0) 
^ CO 

e S 

5 c 

XI JD 

■j? ^ 

CO 

■o — 
o ^ 
> w 
rt O 


Li- ® 
GO "g 
®Wc 

5 o ro 

J=: c\j co 
£ co > 
o co 

E w c 
a L - 


CD ±3 

, E *$ 

CO 03 m 
CD “O £2 


03 


^ D> 

^ XI 


03 


03 

CO 


0 


cd a 
2 -o 

CL 03 
CL CO 
CD CD 

CO 


u; 1 

® r ^ 
"D ■*- C/3 

o£ w 

T3 5 § 
13 05 

o) 2 -o 

-o 5 s 

C o - 
CO O 03 

° -r O 

« o S 

C-C © 
03 0) > 
E -c 03 
CD Q-x: 
vl CO 

C 
O 


03 


0 
x § 


"6 -c 
$ CD 

I 2 

0 Q_ 
0 
JD 


O 

0 

0 . 
■O 0 


0 
<D 

co g 

0 iz 

XI u 

^ o 
w 

0 

XI LL 

^ CO 

^ ® 

8.0 

-C 03 

tr -c 

O CL 
$ - 
co E 

— 03 


9 I 

~o > 

II 

t g 


O o 
0 

2 0 

0 "O 
CO 

i5 CD 

“D ° 
0 "O 
CO 0 
0 D 

-Q cr 


$ E 

% 2 

• ( — . 4— ' 

u 


_ c 

0.0 


0 


CO — 
03 g- 

^ o 

03 52 


o 

XI 


XD 

0 


0 0 
> O 

0 CL 
£ O 

*0 O 
c > 

0 0 

II ° 

U- 03 

CO £ 

CO *0 

8® 

8 1 

| 8 

o 2 
Q. *r . 
0 O E 
e;e 

V C CD 

rl => F 

o c 

DUX 

C m C 

0 <D — 

F 2 c 
E o) 

V M W 

° 8 ® 
CO u 
0 O X3 

E — 5 
rs co co 

C/3 C - 

8-i s 

■8 « g» 

•^03 — 

03 ~ -jcc 

XI CO CJ 

o co 
= o. 

0 o 

o .E 


0 


CO CD £D 

2 ? 3 

03^ 8 
x CO 3 

H T~ O 


150 


Aerospace Systems Group 

TRANSMIT BEAMWIDTH FOR SHORT-RANGE (1 km) 
COMMUNICATION TO VEHICLE AT 0.5 Mbps 



1-cm receive aperture, Background in 20-mrad FOV = 5.7 nW (Earth) 





TRACK/COMM BEAMWIDTH COMPARISON 
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WORST-CASE SHORT-RANGE TERMINAL DESIGN 
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Implies EVA/MMU reacquisition time on order 1 sec 
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Required receive signal power density -10.6 dBm/m 2 
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EVA/MMU requires coarse acquisition sensor to accomodate worst-case 
scenario; Concept also useful for short-range coarse acquisition, if system 
constraints dictate 
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towards three-axis gimbals throughout prox-ups 

Three-axis, 10-cm gimballed telescope weight estimated at 6.5 kg 
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TWO-AXIS GIMBAL AND ANGULAR COVERAGE 



Gimbal motion 


THREE-AXIS GIMBAL WITH FULL-HEMISPHERICAL ANGULAR COVERAGE 
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SIDE AND FRONT VIEWS OF THREE-AXIS GIMBAL 
WITH FULL-HEMISPHERICAL COVERAGE 




1 -cm GIMBAL FEATURES 


CD 

CO 03 
CD U 

1 1 
^CD o 

© a> ^ 

-o S c 

TO O 
C V-* 
CO CD O 
0> CD <D 

“D 5 C/D 

(Doc 
■CD- 
^ (O 

CO ^ CD 

Eg 5 

§ -o E 

o © 

ili 


XI 

u 

CO 

o 

1_ 

Q. 

= CL 

> 2 

82 

co i2 

CD 


CO 

o 

o 


® © < 

5 Z > 

c OT 

E r -D 

'i |5 

£ ® Td 

O CD Q 

15 - 

0) CD 
T> x: 

© -^ o 

C X 5 
o 0 J o 

° cl CL 
C C C L 

.2> O 
CO o CD 
CD ^ Q_ 
D r o 

- D) U 
CO CO 
D ^ CD 

E 5 © 

5 

E - ® 

V?i 


O) 
c 

a) 

N CO 

© E 

© 

I 5 

C 2 

= Q- 

© 9 - 

_Q CO 

E a? 

a 8- 

a 

^ CO 

^ © 


3 

O a) 

5 8 

£ CD 

• 9 > 3 

<d tr 

$ CD 

•S 2 « 

5 -a 

® 8 
O 3 

2: 

; ^ 

O) CO 

» ? 

CM CO 


CD 


CD 


CD 


CO -o 
CD 0) E 
£ o> O) 

co 2 -o 

CD © C 
N > CO 
C O _ 
CO o CO 

E "co - 
E O E 

3 C 
W © CD 
JC V 

tr cl -o 
CO CO CD 

o E aj 


cm *6 

i- JD 

§i 

“i 
— 0 ) 
CO (D 
00 £ 

a c 
a — 

S ® 

5 * © 

© 

o c 
£ 8 
S £ 

E £ 

2 g» 
5 a> 
c r § 

CD _ 
^ CO 
>> -Q 

-Q E 
E cn 

<D ^ 

3 ° 


O 

c0 

o 

k_ 

CL 

CL 

CO 


CO 


CO 


CD 45 
CL © 


CD 

5 

0 

X) 

0 ) 

"co 

1 © 

© 9 
© ™ 

.2 i 5 

CD C 
CL O 

0 9r . 
o Q- — ; 
CO 3 CD 
_CD CO O) 

CD CO 
«•— “3 3 

-O -C -a 

© ■•“ JC 

15 E = 

-Q © ^ 

.i£| 

05 © a 
£ £t 
Vo? 

1 - A © 
- 0 © 
CO T- CD 

X o ” 
CO JC O) 

© tr B 

2 o ^ 

XI CO 
~ CO p 
CD JZ 

XI CO 

f-H-.tr 

o _ 


0 ) C-r 

o © 5 

- CD 


X> 

CO 


■=; CD 


h- o 0 ) 4 = 


00 3 - 

o cr 
o a) 


CD 


O 


CD ' XI 

L. O 0 

Q- Tf > 


188 



189 


Weight considerations favor gimballed refractive telescope 
w/ Coude’ optical path 

Three-axis, 1-cm gimballed telescope weight estimated at .2.5 kg 


NESTED-SERVO POINTING AND TRACKING CONCEPT 
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5.0 OPTICAL TERMINAL DESIGN 
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Engineering drawings 


OPTICAL TERMINAL OPERATIONAL MODES 
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Fine Track Loss of track Outage 

• Closed-loop ► • Open-loop 

• Communicate point 
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OPTICAL TERMINAL OPERATIONAL MODES (cont.) 
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10-cm TERMINAL SIZE, WEIGHT, AND POWER ESTIMATES (cont.) 
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ADDITIONAL SWAP ITEMS 


^ Q 
5 o 

■M ( ) 

0 w 

03 . 

CL CO 

1 S 

O CO 

aT .2 

CL > 

(D 2 

5 °- 
« g 

CO 2 
CD 

co iz 

CO 

CD 2 


<D 

L. 

o 

(0 i- > 

£ 0) [B 

.2 ^ g 

S-a Q 

CD ^ 


"O 

CD 

*o 

CD 

CD 


C 

o 

c 

5 

o 

C JZ 

co w 
■p co 
c CD 

c -g 

o 

II 

° .E 

I? 

CO "O 

>S Z> 
in “q 


CD 

co 

o 

_c 


1— 

CD 

03 

03 

03 

SZ 

tr 

o 

£ 


Q- 

CO 

.H 

03 

CD 


k_ 

> 

_o 

CO 

o 

k 

o“ 

£ 

CL 

CD 

c 

tz 

O 

c 

o 

TD 

CD 

5= 

CD 

ts 

CO 

C 

03 

Z3 

o 

C/D 

*•— » 
O 

5 

E 

c 

o 

X3 

CO 

o 

03 

~o 

cd 

X3 


CD 

0) 

> 

o 

E 

“D 

CZ 

Q_ 

CO 

03 

CO 

03 

E 

c= 

CO 

E 

03 

SZ 

o 

'co 


u 

03 

. •> 

03 

“O 

03 

sz 

CO 

CL 

o 

t 

k. 

CD 

XI 


X 

%♦— 

E 

o 

"”1 

"O 

ol 

v_T 

03 


o 

03 
C/3 ^ 
CD 03 

CD £ 

|i 

tn CO 

CD C 

<: 3 
co 52 

A CL 
tn /’“■s 
CD V 

■o x 
> o 

si 

CO 

tr is 

03 O 
SZ ZZ 
O CD 
CO > 
'F <D 


CD a> 
C 00 

_Q 


tr 

13 

LL 


CD 

CD 

_Q 

O 

c 


> 

c 

o 


CO 

o 

03 

E 

CO 

CD 

Q. 

< 

5 

C/D 

CD 

XI 

CD 

E 

03 


“D 

CD 

CO 

ZD 

CD 

_Q 

C 

CD 

O 


c 

CD 

CO 

x: 


O 

o 

T3 

C 

05 

O 

CD 


o 

CT> 

03 03 


o 

o 

< 


W ® 


tn 

<D •*“ cn 
> >> CD 
03 — C 
SZ W o 
CO tr? 
CO d) CD 

s8 s 

o c 

CD v 


E 

o 

o 


03 CD . 
£ o 

oT^ 

L £ Q) 
03 03 "O 

Q^o 

O .E Q_ 


03 

O 

JC 

03 

> 


03 

-Q 

03 

'zj 

CO 


CD 

u 

03 

JZ 


u "O 
CD 03 
o 

a I 

03 CL 


222 


ADDITIONAL SWAP ITEMS FOR PROX-OPS 



223 


10-cm PROX-OPS OPTICAL TERMINAL 


C 

o 

si 

3 CO 

- E 
o rs 


.>> 

c 

o 

L. 

CD 


CO 

cd 


X) 

£ c 

j= co 

s ^ 

cO aj 
■° c 
To ® 

1 1 

k_ ^ 

CD 


C 

~ £? 
co *co 

o CD 

f* 

e r 

V o 

o to 
T- to 

® g 

- T5 

CO 

o a. 
H E 

3 O 
O U 


CO 
JD 
O 

b 

CD 
> 
CO 
3 
O 
*c 
CO 
> 

■S' 0) 


c 

o 

T3 

CD 

CO 

3 

JjO 

(0 

C 

E 

k_ 

a> 

a> 

j= 

H 





o 

to 

CO 

U 

co 

2 : 

ID 

£ 

x: 


TJ 

B) 

o 

co 

c 

c 

CD 


CO 

CD 

E 

CD 


CD 

o 

Q. 

o 

!o 

o 

t 

CT) 

> 

CO 

5 

"O 

JD 

o 

o 

CJ 

CD 

> 


CD 

a 

'CD 

75 

SZ 

o 

O 

CD 

“D 

(0 

TJ 

c 

co 

to 

1^- 

LO 

CD 

“a 

c 

CO 

3r 

> 

o 

CO 


CO 

tr co 

CO h- 

■§ w . 

w LL. 

IE 05 
t— C/5 


0 E 

O 2.1 

E 2 


f-5 

03 <- 

cl.E 


CO 

$ 

o 


CO 

CO 

-a 

CD 


c 

CD 

;g 

CD 

CO 

CO 

c 

<D 

E 

JD 

CD 

CD 

C 

JO 

Q. 

To 

a 

o 

m— 

o 

73 

CD 

Q. 

CO 


A 

E 

<D 

< 

w 

O 

T> 

a> 

a3 

Q 

E 

m 

-D 

(0 

3 

o 


o 

o 

o 

03 


o 

< 


03 


g 


2 

o 


CD 

03 

a. 

<D 

$ 

i 

w 

CD 

tr 

03 


-Q 





E 

CO 




a> 

o 




§ 

*c 




< 

2 



w. 

O 

w_ 

CD 

o 

CD 



<0 

1 

10 

CO 

LU 



—1 

o> 



o 

2 

c 



O 

2 

c 

<0 


CO 

o 

o 

o 


3 

g 

o 

!tr 

TJ 

Q. 


o 


C 

O 

o 

LL 

o 

o 

o> 

t 

0) 

2 

O 

c 

o> 

CO 

is 

TJ 

-O 

CO 

•C 

s 

O 

w. 

CD 

s 

E 

O 

CO 

o 

LL 

> 

< 

CL 

a> 

O 

T" 

CM 

co 


O 

£ 

0) 

CO 

oO 

a> 

a 

73 

c 


3 2 


o> 

c 


0 
Q_ 

1 

CD 


8 i! 


r- CM 


CO 


3 

B. 

O 

jO* 

CD 

GC 


<D 

.E 

Q. 

CO 

E 

03 

CD 

CD 

o 

2 

x: 

u 

b 


in 


o 

co 

3 

C 

CD 

< 

0) 

X 3 

03 

*C 

03 

> 


CD 


(0 

O 

*c 

2 

o 

D 

LLt 

tr 

o 

Q_ 

Q. 

3 

CO 


co 

co 

03 

Q- 

■D 

c 

03 

CD 


C 

5 

o 

sz 

CO 

o 

JO 

CO 

CD 

CO 

CO 

_0> 

-O 

co 

o 

o> 

c 

75 

c 

D) 

'co 

TJ 

C 

CO 

1 — 

CD 

5 

0 

CL 

1 

CD 

E 


CO 

3 

o 

*k- 

<0 

> 


CD 

SZ 

<£ 

a 

c 

CD 

i. 

CD 

*♦— 

CD 

CD 

N 

CO 


E 

o 

CL 

CO 

co 

< 

*c 

JO 

o 


TJ 

CD 

TJ 

C 

CO 

CL 

X 

CD 

C 

CD 

CD 

_Q 

CO 

CO 

SZ 

CD 

c 

JO 

CL 

To 

a 

o 

H— 

CD 

SZ 


tr 

co 

sz 

a 

u 

CD 

CO 

CD 

c 

CO 

c: 

o 

CO 

< 


224 


gimballed telescope accounts for about 60-percent of the total optical terminal volume. 
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LONG-RANGE LINK SUMMARY 
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SUMMARY OF LONG-RANGE LINK ANALYSES 
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Fine tracking can be maintained, but requires 
modulated beacon and separate quadrant detector 
with reduced (several hundred microradian) F0V 
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LONG-RANGE SSF FOCAL PLANE ASSEMBLY 


> 


o 

CD 

_£Z 


C 

o 

0 

u 


13 

E 

E 

o 

o 

0 

c 

o 

o 

0 


CD 

CL 


* g 

CD 




CO 0 

tr > 

O CD 

5.1 

0 

0 O 
-C 0 


< 

CL 

LL 

U. 

CO 

CO 


T3 

c 

0 

* 

E 

CO 

c 


0 0 


T3 

° 9? 
0 0 
is- 

"D ® 

o (0 

JD CO 
CO ® 

§ 5 

o ? 
« 8 
<9 c 

-d 0 

u 

co CO 
JZ h- 
1 “ 00 


234 


Aerospace Systems Group 

PROX-OPS SSF FOCAL PLANE ASSEMBLY (LONG RANGE) 



Co-orbiters 780 830 
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SHORT-RANGE SPACE STATION TERMINAL 
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Terminal mounting sites selected to minimize (avoid) 
mutual obscurations and interference 
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SHORT-RANGE SSF FOCAL PLANE ASSEMBLY 


C 

ID 

E 

1 1 

if Q_ 

<$ ^ 
LI * 

O CD 
^ C 

a a) 

2? <D 

is « 

-o $ 

<2 a> 
1 1 
fi 

“ -D 
To c 

f- 03 


U. i- 

co r; 

CO ^ 


246 



Aerospace Systems Group 

PROX-OPS SSF FOCAL PLANE ASSEMBLY (SHORT RANGE) 
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SHORT-RANGE VEHICLE TERMINAL 


CO 

tr 

CO 

-C 

u 


co 

3 


CO 

O 

c 


o 

CD 

k. 

a 

Q_ 

CD 

C 


O 

i 5 

■a 

X) 

CD 

co 

X 

tr 

0 

CL 

‘u 

0 

CO 

CD 

Cl 

3 

“O 

<0 

c 

4— » 

CD 

CO 

CD 

_e 

-Q 


CD 

CO 

> 

c 

CO 


SZ 

E 

t: 

CD 

co 

■*“’ 

X 

X? 

0 

CD 

CO 

CO 


cO 

Lc 

-O 

■4— » 

1 

c 

CD 

0 

O 

“O 

JZ 

CD 

CD 

N 

> 


a) 

x: 

CO 

E 

*4— 

E 

0 

3 


CO 

TD 

0 ) 

JO 

*3 

'co 

4 — • 

cr 

CD 

a> 

XJ 


CD 

CO 

0 

X 

H 

GO 


*L. 

a) 

U J 
CO 

0 

CO 

CO 

i_ 

CO 

X 

X 

a 

1 

CD 

c 

sz 

0 

CD 

CO 

0 

CO 

*c 

c 

3 

$ 

E 

0 

E 

sz 

0 

CO 

0 


248 



Aerospace Systems Group 

SHORT-RANGE VEHICLE TERMINAL 
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Limited receiver dynamic range demands 
AGC of receive signal power 
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PROX-OPS SHORT-RANGE VEHICLE 
FOCAL PLANE ASSEMBLY 




Telescope 



EVA/MMU FOCAL PLANE ASSEMBLY 
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EVA/MMU FOCAL PLANE ASSEMBLY ACCOMMODATES 
TWO TRANSMIT/RECEIVE WAVELENGTH PAIRS 
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WAVELENGTH ALLOCATION SUMMARY 
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PROX-OPS WAVELENGTH PLAN 
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PROX-OPS WAVELENGTH PLAN 



receive wavelength, T = transmit wavelength. 
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PROX-OPS WAVELENGTH PLAN (cont.) 
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PROX-OPS DESIGN SUMMARY 
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PROX-OPS DESIGN INCLUDES A 
VARIETY OF OPTICAL TERMINALS 
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One redundant laser assumed at each wavelength 
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wgg PROX-OPS DESIGN INCLUDES A VARIETY 
VA “ OF OPTICAL TERMINALS (cont.) 



Gimballed telescope with Coude’ optical path assumed for all to reduce mass 
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SYSTEM ACQUISITION AND OBSCURATIONS 
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EVA/MMU -two simultaneous links increases availability, 
but may be precluded by severe weight restrictions; 

Away from Space Station - 2 each for front & back coverage, 
Near Space Station - many obscurations, tether may be best 



PROX-OPS OPTICAL COMMUNICATIONS BLOCK DIAGRAM 
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PROX-OPS OPTICAL COMMUNICATIONS 
BLOCK DIAGRAM 
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SPACE STATION CONTROLS ANTENNA HANDOVER 
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ANTENNA HANDOVER - ONE VEHICLE TERMINAL 
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ANTENNA HANDOVER - ONE TERMINAL ON VEHICLE 
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VT slew from 
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ANTENNA HANDOVER - TWO VEHICLE TERMINALS 
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ANTENNA HANDOVER - TWO TERMINALS ON VEHICLE 
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SPACE STATION MODEL - PHASE I CONFIGURATION 


E 

o cd 
4 = $ 
co ° 

•E w 

CD „ 

in tr 

cd as 

& « £ 

a. « .2 

.E CD 
* •*" C 
CD CD 

jc F 
-E 1 - ~ 

E E 
®g 8 
« E ’>, 

S. ® “■ 

°i « 

CO O — 
Q- ♦= 05 

0 g-.E 

1 ° T) 

O ® -2 


_co 

03 


_ -C 

CJL ~ 

CD O 

5 a -n 

~D 'w -2 
C (/) 

« 9 > CD 

u - £ 

CO « ~ 

2 2 o 

O "D C 


CD 


CD 


CD 

|ci 

$ 0 ) CO 

03 F ^ 

*— C_ CO 
■U CD 
_Z O C 
P (D O 


03 

3 

05 


Jii 

iS CD 
CD £ 

■o ~ 

CD 2 c 

■ > C g 

CD O | 

(U O W 

-C CD — 
° 1 CD 

° 8 « 

CD W JC 

CD Li. Q_ 

S«.| 

X ® ID 

p C CO 
l - CD -Q 

r 0 0 


O 

2 


<D 

-C 


c 

<D 

(D 

5 

+-> 

<D 

jQ 

C 

o 


o 

a> 

t A 


I 

o 


cu 

sz 

+J 


O -r- 


T5 

O) 

+-> 

cc 

=3 

O 

E 

<D 

_o 


03 

CO 

CO 

qj 

o 

a? 

c 


3: 

co 

03 

C 

i 

S- 

a> 


ro 

O 


CL 

o 

co in 
CL 4 -> 
O C 

X O 
O *r> 

Q_ ro 
_C 

r— Q_ 
<C 03 


274 



X 

9 

< 

(L 


ORIGINAL PAGE IS 
OF POOR QUALITY 



275 


Diagrams from: Space Station WP3 APAE User Handbook 

General Electric Astro-Space Division 
October 1988 



SPACE STATION MODEL - ATTACHED PAYLOAD AREA 
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SPACE STATION MODEL - ATTACHED PAYLOAD AREA (cont.) 
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SPACE STATION MODEL - 

EXPANDED VIEW OF ATTACHED PAYLOAD AREA (cont.) 




SPACE STATION MODEL - ATTACHED PAYLOAD AREA (cont.) 
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SPACE STATION MODEL - 

EXPANDED VIEW OF ATTACHED PAYLOAD AREA (cont.) 





The section addresses the items indicated that include a brief design summary, identification of technological 
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7.0 CONCLUSION 
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limitations, but has potential on the vehicles with their 0.5-Mbps receive data rate. 

The final follow-on effort takes a close look at the tradeoff between a tethered and free-space link when 
communicating very near SSF where LOS obscurations are prevalent. 
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Detailed assessment of obscuration problem near SSF 

- Determine terminal count and location that provide 
spherical coverage despite the numerous obscurations 

- Tradeoff tether vs free-space link near SSF 
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GPS Global Positioning System 



Aerospace Systems Group 


o 

CO 


O 

tr 

o 

< 

LL 

o 

t— 

CO 

_J 

o 

o> 



© 

o 

</) 

4-4 

o 

<D 

4 — 

o 


CD 

L. 

o 

4-4 

CD 


0 

T3 

O 


O) 

c 


O) 


.c 

CD 

5) 


0) 

c 


O Q 0) 
LU LU O 


0) 

4-4 

c 

o 

O 

D) 

C 

O 

> 

k. 

0) 

(/> 

0) 

5 

o 


0 


(/> 

o 

o 

4-* CD 
0 ) Q- 
c (/) 

w w 

CD 

o> E 
E ® 

I " 

.E c/) 


— o 

(0 ^ 

_ 

E r 

3 O 

” a 

«- V) 

>* J= 

CD 

•a £ 
© 

_ §•© 
g-TJ JO 

« ' Q. 

i OT 


© 
k. 

3 

t 
<1) 

CD i 


CD 

£ E « 

<D 5 

r TJ O 

t O ^ 

3 0 CO 


0) 

a 

!E 

a> 

> 

O) 

c 

z 

a 

> 

3 

CD 

c 

CD 


CD 

4-4 

2 

k. 

O 


0) 

TJ 

O 

’"5 

o 


CD 

O- 

>* 

4-4 

I 

c 


Is 

Y o 

6 -E 

— CD 

= 1 

o 

c 

” >* 

i .tr 

CD E 

£x 

CL Q- 


>* 

o 

c 


a> 


CD 
3 

CD 

a <* 
cr c 

<D i 
>Z CD 
C CD 

oE 

T3 
CD 
QC 


C 

o 

TO 

3 

“O 

o 

E 

»S 

4-4 

... 03 
CO »- 

c 

CD (D 


E 

o 

XJ 

CD 

CD 


CD 

5 

o 

Q. 


0) 

4-4 

4-4 

3 

c 

(/) 

CD 

O 

CD 

a 

w 

E 

CD 

4-4 

<0 

C/3 

c 

o 


*n CD 


C Si 


c 

o 


T3 

C 

CD 


-= v 5 03 


o 

CO CD 


o 

o 


CD 
O 

& a. 


CD 

O 

CD 

a. 

CO 


o> 

0 

3 


o 

a. 

co 

c 

CD 


T 3 O (/) c/) 0 H 
c — ~ 
o 

a o 

E E 

nw«w 


0 

N 

C/5 


0 

a 

0 

a. 

co 


(0 

a. 


o 

W 

> 

o 

X 

(0 

Q. 

5 DC LL 5 

</) 

< T3 (/> 

2 

Z O 

— k. 

LL 2 

— Z (/)(/) ^ 

2 

z z z 

o 

a a 

DC DC 

CO CO CO CO CO CO 


c/) 


292 




Aerospace Systems Group 

9.0 LIST OF ACRONYMS (cont.) 



TJ 

C 

CO 

E 

E 

o 

o 

T3 

C 

CO 


cn 


0) 

c 


> 

s 

CO 


o 

c 

0) 

CO 


o 


E 

<2> 

k. 

Vk 

k. 

<D 


>* 

4-» 

E 

k- 

0) 

0) 

O) 

E 

o 

c o 

CO CO 

Q> 

jE 

k. u 

<u 

0) 

H H 

H 

> 


O) 

c 

X 

Q) 

Q. 

+* 

3 

E 

c 

0 

‘co 

1 

x: 

<♦-* 

D) 

C 

o 

<D 

> 

CO 

s 


^ QC f- 
H H H 


H 

> 


D 

5 


293 


NASA Report Documentation Page 

s:\*:e »\a rn ' r “Si'3io' _ 

1. Report No 

NASA CR-181971 

2. Government Accession No. 

3. Recipient s Catalog No. 

4. Title and Subtitle 

PROXIMITY OPERATIONS CONCEPT DESIGN STUDY 

5. Report Date 

APRIL 1990 

6. Performing Organization Code 

7. Author(s) 

A. N. WILLIAMS 

8. Performing Organization Report No. 

JA 1264-6 

10. Work Unit No. 

646-75-01-01 

9. Performing Organization Name and Address 

HARRIS CORPORATION 

GOVERNMENT AEROSPACE SYSTEMS DIVISION 
PALM BAY, FLORIDA 

11. Contract or Grant No. 

NASI- 18225 

13. Type of Report and Period Covered 

12. Sponsoring Agency Name and Address 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
LANGLEY RESEARCH CENTER 
HAMPTON, VA 23665-5225 

CONTRACT REPORT 

14. Sponsoring Agency Code 

15. Supplementary Notes 

LANGLEY CONTRACT MONITOR: SHARON DEBERRY 

TASK 6 FINAL REPORT 


16. Abstract 


This report is the result of a study performed to determine the feasibility 
of using optical technology to perform the mission of the proximity operations 
communications subsystem on Space Station Freedom. In this report, proximity 
operations mission requirements are determined and the relationship to the 
overall operational environment of the space station is defined. From this 
information, the design requirements of the communication subsystem are derived 
Based on these requirements, a preliminary design is developed and the feasibility 
of implementation determined. To support the Orbital Maneuvering Vehicle and 
National Space Transportation System, the optical system development is 
straightforward. The requirements on extra-vehicular activity are such as to 
allow large fields of uncertainty, thus exacerbating the acquisition problem; 
however, an approach is given that could mitigate this problem. In genera , 
it is found that such a system could indeed perform the proximity operations 
mission requirement, with some development required to support extra-vehicular 

activity. 


17. Key Words (Suggested by Authorlsll 

SPACE STATION PROXIMITY COMMUNICATIONS 
OPTICAL COMMUNICATION 'IN SPACE 


18. Distribution Statement 


UNCLASSIFIED - UNLIMITED 
SUBJECT CATEGORY 17 


19. Security Classif. (of this report) 

UNCLASSIFIED 


— n 

20. Security Classif. (of this page) 

21. No. of pages 

22. Price 

UNCLASSIFIED 

293 



NASA FORM 1626 OCT 86 






